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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the constituent for neutron shielding materials. It 
is the material applied to the cask which are storage of spent reactor fuel and a container for 
conveyance, and is related with the constituent for the neutron shielding materials of the epoxy 
resin system which heat resistance improved and secured neutron cover nature. 
[0002] 

[Description of the Prior Art]The nuclear fuel used in nuclear installation, such as a nuclear 
power plant, is transported to a reprocessing plant, and reprocessing is usually presented with 
it. However, since the yield of such spent reactor fuel is over rework capability, the necessity of 
carrying out storage storage over a long period of time has produced spent reactor fuel now. 
Under the present circumstances, spent reactor fuel is paid and conveyed to the cask which is 
a neutron shield vessel, after being cooled by even radiation levels suitable for transportation, 
but emitting radiation, such as a neutron, also in this stage is being continued. Energy of a 
neutron is high, and since a gamma ray is generated and a serious injury is done to a human 
body, development of the neutron shielding material which can cover this neutron certainly is 
needed. 

[0003]Although it is known that a neutron will be absorbed by boron, in order for boron to 
absorb a neutron, it is necessary to slow down a neutron. It is known that hydrogen is the 
optimal as a substance for slowing down a neutron. Therefore, many atoms of boron and 
hydrogen need to be included as a constituent for neutron shielding materials. Since spent 
reactor fuel which is a source of release of a neutron produces decay heat, if it is sealed to the 
cask for transportation or storage, it will generate heat, and serves as an elevated 
temperature. Although this maximum temperature changes with kinds of spent nuclear fuel, in 
the spent nuclear fuel corresponding to the degree of high combustion, it is said that the 
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temperature within a cask reaches even near 200 **. Then, in order to use as a neutron 
shielding material, the thing which is a storage rule of thumb of spent nuclear fuel and which 
can be borne for about 60 years is desirable under such high temperature service. 
[0004]For this reason, use of a substance with hydrogen density high as a shielding material, 
especially water is proposed, and practical use is also presented with the part. However, since 
water is a fluid, it is difficult handling, and it does not fit the cask especially aiming at 
transportation and storage. Since the inside of a cask will be not less than 100 ** when water is 
used, there is a problem that it is difficult to press down boil. 

[0005]Then, conventionally, the resin composition was used as one material of a neutron 
shielding material, and the epoxy resin has been used for one of resin compositions. 
Generally, the hydrogen content of a resin composition and heat resistance are in reciprocity 
relation, and the thing with heat resistance low [ the thing with many hydrogen contents ] and 
high heat resistance has a hydrogen content in a low tendency. Although an epoxy resin is 
excellent in heat resistance or hardenability, since it was in the tendency little content of 
hydrogen indispensable in order to decelerate a neutron to be, its method of compensating this 
using the hardening agent of an amine system with many hydrogen contents was 
conventionally common. 

[0006]While reducing viscosity and raising the workability in ordinary temperature using a 
polyfunctional amine system epoxy resin, the constituent for neutron shielding materials 
excellent in pot life is indicated by JP,6-148388,A. The neutron shielding material which made 
JP,9-176496,A harden the constituent which consists of an acrylic resin, an epoxy resin, 
silicone resin, etc. with the hardening agent of a polyamine system is indicated. Since an 
amine compound has comparatively many hydrogen contents, the slowing-down-of-neutron 
effect improves, but heat is easy to decompose an amine portion. In order to compensate the 
shortage of a hydrogen content of an epoxy ingredient, although the hydrogen content was 
abundant, heat resistance's rather suited to the tendency which uses a low hardening agent 
and increases the ingredient ratio of this hardening agent in a resin composition like 
polyamine. Therefore, development of the constituent which fully has endurance required in 
order to store and keep the spent reactor fuel corresponding to the degree of high combustion 
newer than the constituent hardened with the hardening agent of the conventional amine 
system is called for. 
[0007] 

[Problem(s) to be Solved by the lnvention]This invention excels the conventional constituent in 
heat resistance, and an object of this invention is to provide further the constituent for neutron 
shielding materials which secured neutron shield capability. 
[0008] 

[Means for Solving the Problem]ln order to solve said technical problem, it is hydrogenation 
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bisphenol type epoxy. [Formula 9] 

0 R. L i Jn 



CHj-CH-CHj (1) 
0 



(R 1 - R 4 among a structural formula (1)) It is independently chosen from the group which 

consists of CH 3 , H, F, CI, and Br, respectively, and the constituent for neutron shielding 

materials containing the hardening agent component which has n= 0-2, and at least one or 
more ring structures and two or more amino groups, and a boron compound is provided. 
[Formula 10] 

r 

R 5-° 

' (2) 




(structural-formula (2) C is an alkyl group of 1-10, or H, and inside and R are with n= 1 - 24), 
[Formula 11] 



o-c 

n i 

0 



(3) 



(structural-formula (3) Inside, n= 1 - 8), [Formula 12] 

CHj-CH-CHj-O- 

V 



Rio L i.„ J= n 



(6) 



(structural-formula (6) It is independently chosen from the group which consists of CH 3 , H, F, 
CI, and Br, respectively, and inside, R g - R 12 are with n= 0 - 2), [Formula 13] 



CH 2 -0 / ' 



(9) 



It is preferred that one or more compounds chosen from a group are included further. As a 
hardening agent component, [Formula 14] 

H S N —f~\-CK 2 — ( ) — ^NH 3 (4) 



~ things are preferred [Formula 15] 
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H a N— CH, 



'2 




CH 2 -NH 2 



(5) 



[Formula 16] 
CH = CR 8 



R 6 -N 



N 



(8) 




(C of the inside of a structural formula (8), R„, R„ and R D is an alkyl group of 1-18, or H 



independently, respectively --) - it is preferred that any inner one or those both are included. 
The constituent of this invention contains a bulking agent and a fire refractory material further 
again. It is preferred that a fire refractory material contains at least one sort of magnesium 
hydroxide and aluminium hydroxide. Furthermore, this invention provides the neutron shielding 
material and neutron shield vessel which were manufactured with the above-mentioned 
constituent for neutron shielding materials. 
[0009] 

[The mode of implementation of an invention] Below, the mode of operation of this invention is 
explained in detail. The mode of the operation explained below does not limit this invention. 
Also when an epoxy ingredient means the compound (henceforth an epoxy compound) which 
has an epoxy ring through this invention and it consists of one kind of epoxy compound, the 
case where it consists of a mixture of two or more kinds of epoxy compounds is also included. 
A hardening agent component means one or more kinds of hardening agents. A resinous 
principle means what was united with the epoxy ingredient and the hardening agent 
component. 

[0010]ln an amine compound mainly used as a hardening agent component, in a neutron 
shielding material of the conventional epoxy system, there was a problem especially in heat 
resistance. Under high temperature service, it is easy to decompose combination in an amine 
portion of hardened resin. However, in the conventional presentation, since there were few 
hydrogen contents of an epoxy ingredient, in order to compensate it, hydrogen quantity which 
needs a hydrogen content by considering it as a presentation containing many many amine 
system hardening agents with low heat resistance had been secured. Therefore, in this 
invention, high-heat-resistance-ization is attained by using a compound which has structure 
and the structure of cross linkage with them which have many hydrogen contents for an epoxy 
ingredient, and flood matter content-ization of the epoxy ingredient itself is performed. 
[ comparatively upright ] While using also for amine of a hardening agent a compound which 
has an upright structure, a ratio of an amine component to the whole resin composition was 
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also pressed down small, and it aimed at attaining heat-resistant improvement and small- 
quantity-ization of a decomposition portion. It aimed at raising the neutron moderation effect 
using an epoxy ingredient with many hydrogen contents, and a hardening agent component. 
[001 1]This invention is a constituent with high hydrogen content with a high neutron shielding 
effect which is excellent in heat resistance containing an epoxy ingredient, a hardening agent 
component, a boron compound that is neutron absorption agents, and a fire refractory 
material. Specifically, a constituent of this invention is asked for a hydrogen content which not 
less than 330 ** of temperature of 90 % of the weight of weight survival rates by 
thermogravimetric analysis occupies to not less than 350 ** and the whole resinous principle 
preferably being 9.8 % of the weight or more, when it is made to harden and is considered as 
resin. It is so good that weight loss of resin and a fall of compressive strength which were 
stiffened after heat durability under elevated-temperature sealing environment more 
particularly for a long period of time in addition to the above are small. For example, a rate of 
weight loss after sealing heat durability of 190 **x1000hr is preferably asked for a thing which 
compressive strength is not falling 0.2 or less % of the weight and which are rising rather most 
preferably 0.5 or less % of the weight. 

[0012]Hereafter, each ingredient is explained. An epoxy compound which has an epoxy ring 
which can be hardened using a hardening agent of an amine system is used for an epoxy 
ingredient of this invention. An epoxy ingredient may mix two or more epoxy compounds 
[ epoxy compound / one kind of]. Heat resistance, and a kind of epoxy compound and a 
presentation which constitute an epoxy ingredient so that performance of a request called an 
increase in a hydrogen content can be given are chosen. 

[001 3]ln order to make crosslinking density high and to improve heat resistance, as an epoxy 
compound, especially a compound that carries out two or more owners of the epoxy ring is 
preferred. Since it will become a firm structure if many ring structures like the benzene ring are 
included, for example, it is suitable to aim at heat-resistant improvement. It is required for 
these compounds that there are many hydrogen contents in order to decelerate a neutron. 
[0014]As a ring structure, the benzene ring is upright, and although excelled in heat resistance, 
since there are few hydrogen contents, it is preferred that what carried out hydrogenation to 
the benzene ring is included. As an upright structure which can give heat resistance, [Formula 
17] 




Although what **** is preferred, if a hydrogen content is considered, [Formula 18] 
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What **** is still more preferred. 

[0015]The hydrogenation bisphenol type epoxy shown with a structural formula (1) when these 
points are taken into consideration, For example, hydrogenation bisphenol A type epoxy, 
hydrogenation bisphenol female mold epoxy, etc. are the most suitable as an epoxy ingredient 
of the constituent of points, such as a hydrogen content and heat resistance, to this invention. 
Therefore, the epoxy ingredient of this invention contains a structural formula (1) as an 
indispensable ingredient. 

[0016]As an epoxy ingredient which gives heat resistance, a structural formula (3) and a 
structural formula (6) are added. A structural formula (2) is added as an ingredient which raises 
heat resistance and hydrolysis resistance. Since a structural formula (9) maintains a hydrogen 
content and can expect heat resistance, it is adding this compound as an epoxy ingredient, 
and it becomes possible to give the target character. Therefore, a structural formula (2), 
structural formulae (3), structural formulae (6), and all the structural formulae (9) may also be 
included in the epoxy ingredient of this invention, and only one only of sorts of these may also 
be included in it. The viscosity and cost of a constituent may determine one or more of kinds of 
these. The epoxy ingredient of this invention can be used in all the combination which uses 
hydrogenation bisphenol epoxy as the main ingredients, and can consider a structural formula 
(2), a structural formula (3), a structural formula (6), and a structural formula (9). For example, 
a structural formula (2), a structural formula (3), a structural formula (2) and a structural 
formula (6), A structural formula (2), a structural formula (9), a structural formula (3) and a 
structural formula (6), a structural formula (3) and a structural formula (9), A structural formula 
(6), a structural formula (9), a structural formula (2), a structural formula (3) and a structural 
formula (6), It can add in a structural formula (1) and combination of a structural formula (2), a 
structural formula (3), a structural formula (9), a structural formula (2), a structural formula (6) 
and a structural formula (9), a structural formula (3), a structural formula (6), and a structural 
formula (9) can be used as the epoxy ingredient of this invention. 

[0017]ln an epoxy ingredient of this invention, especially when hydrogenation bisphenol A type 
epoxy which R 1 - R 4 are methyl groups and is n= 0-2 is used as the main ingredients in a 

structural formula (1), there is an advantage referred to as having both a hydrogen content and 
heat resistance appropriately alone. In a structural formula (1), R 1 - R 4 are hydrogen, and 

since viscosity is low, hydrogenation bisphenol female mold epoxy which is n= 0-2 is 
advantageous, when mixing with a structural formula (2) which is flake-like epoxy and using. It 
is expectable to add further a structural formula (3), a structural formula (6), and a structural 
formula (9) in hydrogenation bisphenol female mold epoxy and a structural formula (2), and to 
have big heat resistance by a multicomponent system in them. 

[0018]For example, as an example of an epoxy ingredient of this invention, hydrogenation 
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bisphenol female mold epoxy and a thing containing a structural formula (2) are mentioned. At 
this time, it is preferred that it is the presentation from which a structural formula (1) will 
become 35 % of the weight - 90% of the weight of the epoxy whole ingredient, and a structural 
formula (2) will be 10 % of the weight - 65 % of the weight. It is preferred preferably that it is 
the presentation from which a structural formula (1) will become 50 % of the weight - 80% of 
the weight of the epoxy whole ingredient, and a structural formula (2) will be 20 % of the weight 
-50 % of the weight. 

[0019]quantity whose hydrogen content of a resinous principle of a presentation of these epoxy 
ingredients is sufficient to cover a neutron - it determines to become 9.8% of the weight or 
more preferably. Neutron shielding performance of a neutron shielding material is determined 
by a hydrogen content (density) of a neutron shielding material, and thickness of a neutron 
shielding material. This value based on a hydrogen content (density) required of a neutron 
shielding material determined from design thickness of a neutron shielding material of neutron 
shielding performance and a cask for which a cask is asked, It is based on a value which 
computed a hydrogen content for which a resinous principle is asked in consideration of 
loadings of a fire refractory material kneaded by neutron shielding material or a neutron 
absorber. At this time, it is preferred among an epoxy ingredient that a structural formula (1) is 
included at 35 % of the weight or more, 50 % of the weight or more is still more preferred, and 
100 % of the weight is the most preferred. 

[0020]When a structural formula (3) is included as an epoxy ingredient, it is preferred among 
an epoxy ingredient to contain at 50 or less % of the weight, and 30 or less % of the weight is 
still more preferred. When bisphenol type epoxy shown with a structural formula (6) is 
included, it is preferred to contain at 50 or less % of the weight, and 30 or less % of the weight 
is still more preferred. 

[0021]As for an addition of a compound which gives hydrolysis resistance and heat resistance 
which are shown with a structural formula (2), it is preferred among an epoxy ingredient to 
contain at 65 or less % of the weight, its 50 or less % of the weight is still more preferred, and 
its 30 or less % of the weight is still more preferred. It is because there is a possibility that 
viscosity may rise and it may become impossible to add a fire refractory material etc. when 
many structural formulae (2) are added too much. Since a viscosity rise is suppressed when 
hydrogenation bisphenol female mold epoxy is used as the main ingredients, it is effective 
when adding a structural formula (2) so much. For example, when a structural formula (2) is 
used about 50% of the weight among an epoxy ingredient, using hydrogenation bisphenol 
female mold epoxy as the main ingredients. It can be considered as viscosity comparable as a 
thing using [ the inside of an epoxy ingredient] a structural formula (2) about 35% of the 
weight, using hydrogenation bisphenol A type epoxy as the main ingredients. 
[0022]ln this invention, a compound of an amine system can be used as a hardening agent 
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component which reacts to an epoxy ingredient and forms the structure of cross linkage. In 
order to raise crosslinking density, a compound which carries out two or more owners of the 
amino group is used preferably. In order to give further heat resistance, a hardening agent 
component which has preferably one [ or more ] or more ring structures [ two ] is used. In order 
to give a neutron shielding effect furthermore, a compound with many hydrogen contents is 
preferred. Ring structures, such as structure where thermal stability high five-membered rings, 
such as cyclic structure of hydrocarbon, such as the benzene ring, a hexane ring, and a 
naphthalene ring, and other heterocycles, or six membered-rings, and these were combined 
with a ring structure, and compound cyclic structure which consists of these, are preferred. 
[0023]As such a hardening agent, a large number are indicated in various articles, and they 
can be arbitrarily applied in consideration of required loadings, a hydrogen content, etc. which 
can be stoichiometrically drawn from balance with a weight per epoxy equivalent of an epoxy 
ingredient. MENSENJI amine, isophoronediamine, 1,3-diaminocyclohexane, etc. can be used 
from points, such as a hydrogen content, heat resistance, and viscosity. Especially, it is 
preferred an amine compound which has two ring structures from a heat-resistant field, and to 
specifically use a structural formula (4). A structural formula (5) can be added as an accessory 
constituent to a structural formula (4). Since a structural formula (8) has the feature of 
functioning as a hardening agent and functioning in hardening accelerator also by a little 
addition, it is effective for loss in quantity of a hardening agent component. 
[0024]When a hardening agent component contains two or more kinds of ingredients 
containing a structural formula (4), for example it consists of two kinds of amine compounds of 
a structural formula (4) and a structural formula (5), as for a structural formula (4), it is 
preferred to add at 80 or less % of the weight to the whole hardening agent component, and its 
60 or less % of the weight is still more preferred. 

[0025]Although 25 or less % of the weight of the whole resinous principle of an addition of a 
hardening agent component is preferred and 23 or less % of the weight is still more preferred, 
required loadings are fundamentally drawn stoichiometrically from balance with a weight per 
epoxy equivalent of an epoxy ingredient. 

[0026]Boron carbide is the most preferred although boron carbide, boron nitride, anhydrous 
boric acid, boron iron, a colemanite, orthoboric acid, metaboric acid, etc. are among boron 
compounds added as a neutron absorption agent. 

[0027]Although powder is used as for the above-mentioned boron compound, there is no 
restriction in particular in the particle size and addition. However, if dispersibility in an epoxy 
resin of matrix resin and cover nature to a neutron are taken into consideration, about 1-200 
microns of mean particle diameter are preferred, its about 10-100 microns are more preferred, 
and especially its about 20-50 microns are preferred. On the other hand, 0.5 to 20% of the 
weight of range of an addition is the most preferred to the whole constituent also including the 
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below-mentioned bulking agent. At less than 0.5 % of the weight, when an effect as a neutron 
shielding material of an added boron compound is low and exceeds 20 % of the weight, it 
becomes difficult to distribute a boron compound uniformly. 

[0028]Glass fiber besides powder, such as silica, alumina, calcium carbonate, antimonous 
oxide, titanium oxide, asbestos, clay, and mica, etc. is used for this invention as a bulking 
agent, and carbon fiber etc. may be added if needed. If needed Natural wax as a release 
agent, metal salt of fatty acid, Chloroparaffin as fire retardant, such as acid amides and fatty 
acid ester, bromine toluene, hexa bromobenzene, antimonous oxide, etc. can add others, a 
silane coupling agent, a titanium coupling agent, etc. which are carbon black as colorant, red 
ocher, etc. 

[0029]Even when a fire is encountered, a fire refractory material used in a constituent 
concerning this invention should aim at making a neutron shielding material remain above to 
some extent so that the above neutron shield capability can be maintained to some extent. As 
such a fire refractory material, magnesium hydroxide and aluminium hydroxide are preferred. 
Especially, since even a not less than 170 ** elevated temperature exists stably, magnesium 
hydroxide is especially preferred. As for an addition of these fire-resistant agent, 20 to 70 % of 
the weight is preferred among the above-mentioned whole constituent, and especially its 35 to 
60 % of the weight is preferred. 

[0030]A constituent of this invention is neglected to a room temperature after mixing an epoxy 
ingredient, mixes a hardening agent component in a place where a mixture became a room 
temperature grade, and adjusts it by finally adding a fire refractory material, a neutron 
absorption agent, and other additive components. As for a polymerization, it is preferred that 
heating performs also at a room temperature although it is possible. As polymerization 
conditions, although it changes also with presentations of a resinous principle, on temperature 
conditions (50 ** - 200 **), it is preferred to perform heating for 1 hour - 3 hours. It is preferred 
to perform such heat-treatment in two steps, after heating at 60 ** - 90 ** for 1 hour - 2 hours, it 
is 120 ** - 150 **, and it is preferred to heat-treat from 2 hours for 3 hours. 
[0031]A cask for storing and conveying spent reactor fuel using the above constituents is 
manufactured. Such a cask for transportation can be manufactured using known art. For 
example, a part filled up with a neutron shield is established in a cask indicated by JP,2000- 
9890,A. Such a part can be filled up with a constituent of this invention. 
[0032]Without being limited to a screen in such a cask, in a device and an institution which 
prevent diffusion of a neutron, a constituent of this invention can be used for various parts, and 
can cover a neutron effectively. 
[0033] 

[Example]An example is used for below and this invention is explained to it in detail. The 
following examples are not the purposes of limiting this invention. 
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[0034]ln the example, the constituent of this invention was prepared and the neutron shielding 
effect was investigated. Usually, to the resin composition for neutron shielding materials, boron 
compounds, such as boron carbide, are mixed for aluminium hydroxide, magnesium 
hydroxide, etc. as a fire refractory material, about 1% of the weight of the whole is mixed as 
about 60 whole % of the weight and neutron absorption agent, and a neutron shielding 
material is produced to it. However, the fire refractory material and the neutron absorption 
agent centered on what is not added here that the performance by a resinous principle, i.e., an 
epoxy ingredient and a hardening agent component, should be evaluated. 
[0035]As performance for which a neutron shielding material is asked, there are heat 
resistance (a weight survival rate, compressive strength, etc.), refractoriness, a hydrogen 
content (a certain thing is [ more than constant rate that has the hydrogen content density in 
material as a judgment rule of thumb of the fitness as neutron cover ] needed), etc. Since the 
portion by a fire refractory material was size, refractoriness evaluated the heat resistance and 
the hydrogen content which are seen to a weight survival rate as evaluation of the resin 
composition for neutron shielding materials. A weight survival rate evaluates the heat 
resistance by measuring the weight change at the time of temperature up. For measurement, 
the measuring condition of thermo gravity reduction measured even room temperature -600 ** 
under the heating rate of 10 ** / min, and a nitrogen atmosphere using TGA. As a reference 
value of the hydrogen content for which resin is asked, the hydrogen content in the inside of a 
resin simple substance was made into about 9.8 % of the weight or more. 
[0036][Example 1] - as an epoxy resin - a hydrogenation bisphenol A type epoxy resin (the 
product made from Oil recovery Shell Epoxy.) YL6663 (structural formula (1)) 59.47g and a 
polyfunctional alicycle type epoxy resin (the product made from Die Cell Chemicals and 
EHPE3150 (structural formula (2)) 25.00g were mixed, and it stirred well until it held at 110 ** 
and EHPE3150 (solid) dissolved.) When it is neglected to the room temperature after the 
EHPE3150 dissolution and temperature falls to near a room temperature, it is 1 and 3-BAC (it 
was considered as the Mitsubishi Gas Chemical Co., Inc. make and the resin composition 
which mixes and stirs 15.53 (structural formula (5)) g, and is used for neutron shielding 
materials.) as a hardening agent. The hydrogen content of the above-mentioned resin 
composition for neutron shielding materials was measured by component analysis. The 
hydrogen content exceeded and was satisfied with 9.8 % of the weight or more (about 10 % of 
the weight or more) of the reference value as a result of measurement. The above-mentioned 
resin composition for neutron shielding materials was stiffened by 80 **x30min+150 **x2hr, 
and thermo gravity reduction of the hardened material was measured by TGA. As a result of 
thermo gravity reduction measurement, the weight survival rate in 200 ** is 99.5 % of the 
weight or more, and the temperature of 90 % of the weight of weight survival rates showed not 
less than 370 **, very good heat resistance, and thermal stability. 
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[0037] [Exam pie 2] - as an epoxy resin ~ 48.81 g of hydrogenation bisphenol A type epoxy 
resins (YL6663 (structural formula (1))), and an alicycle type epoxy resin (the product made 
from Die Cell Chemicals.) SEROKI side 2021P(structural formula (3))10.00g and 25.00 g of 
polyfunctional alicycle type epoxy resins (EHPE3150 (structural formula (2))) were mixed, and 
it stirred well until it held at 1 10 ** and EHPE3150 (solid) dissolved. It was neglected to the 
room temperature after the EHPE3150 dissolution, and when temperature fell to near a room 
temperature, it was considered as the resin composition which mixes and stirs 1 and 3-BAC 
(structural formula (5))16.19g as a hardening agent, and is used for neutron shielding 
materials. As a result of measuring the hydrogen content in a resin composition, the hydrogen 
content exceeded and was satisfied with 9.8 % of the weight or more (about 10 % of the 
weight or more) of the reference value. As a result of stiffening the above-mentioned resin 
composition for neutron shielding materials by 80 **x30min+150 **x2hr and measuring thermo 
gravity reduction on the other hand, the temperature of 99.5 % of the weight or more of weight 
survival rates in 200 ** and 90 % of the weight of weight survival rates showed not less than 
380 **, very good heat resistance, and thermal stability. 

[0038] [Exam pie 3] - as an epoxy resin - 49.20 g of hydrogenation bisphenol A type epoxy 
resins (YL6663 (structural formula (1))), and a bisphenol A type epoxy resin (the product made 
from Oil recovery Shell Epoxy.) Epicoat 828 (R g - R 12 are methyl groups among a structural 

formula (6), and) n=0-210.00g and 25.00 g of polyfunctional alicycle type epoxy resins 
(EHPE3150 (structural formula (2))) were mixed, and it stirred well until it held at 1 10 ** and 
EHPE3150 (solid) dissolved. It was neglected to the room temperature after the EHPE3150 
dissolution, and when temperature fell to near a room temperature, it was considered as the 
resin composition which mixes and stirs 1 and 3-BAC(structural formula (5))15.80g as a 
hardening agent, and is used for neutron shielding materials. As a result of measuring the 
hydrogen content in a resin composition, the hydrogen content exceeded and was satisfied 
with 9.8 % of the weight or more (about 9.9 % of the weight or more) of the reference value. As 
a result of stiffening the above-mentioned resin composition for neutron shielding materials by 
80 **x30min+150 **x2hr and measuring thermo gravity reduction on the other hand, the 
temperature of 99.5 % of the weight or more of weight survival rates in 200 ** and 90 % of the 
weight of weight survival rates showed not less than 380 **, very good heat resistance, and 
thermal stability. 

[0039][Example 4] 55.44 g of hydrogenation bisphenol A type epoxy resins (YL6663 (structural 
formula (1))) and 25.00 g of polyfunctional alicycle type epoxy resins (EHPE3150 (structural 
formula (2))) are mixed as an epoxy resin, It stirred well until it held at 110** and EHPE3150 
(solid) dissolved, if it is neglected to the room temperature after the EHPE3150 dissolution and 
temperature falls to near a room temperature - as a hardening agent - one DAMIN HM (the 
New Japan Chemical Co., Ltd. make.) (Structural-formula (4)) It was considered as the resin 
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composition which mixes and stirs the mixed hardening agent 19.56g in which it mixed well 
and 14.67 g and 1 and 3-BAC(structural formula (5))4.89g were dissolved beforehand, and is 
used for neutron shielding materials. As a result of measuring the hydrogen content in a resin 
composition, the hydrogen content exceeded and was satisfied with 9.8 % of the weight or 
more (about 10 % of the weight or more) of the reference value. As a result of stiffening the 
above-mentioned resin composition for neutron shielding materials by 80 **x30min+150 **x2hr 
and measuring thermo gravity reduction on the other hand, the temperature of 99.5 % of the 
weight or more of weight survival rates in 200 ** and 90 % of the weight of weight survival 
rates showed about 390 **, very good heat resistance, and thermal stability. 
[0040][Example 5] as an epoxy resin. 44.62 g of hydrogenation bisphenol A type epoxy resins 
(YL6663 (structural formula (1))), 10.00 g of alicycle type epoxy resins (SEROKI side 202 1P 
(structural formula (3))), and 25.00 g of polyfunctional alicycle type epoxy resins (EHPE3150 
(structural formula (2))) are mixed, It stirred well until it held at 1 10 ** and EHPE3150 (solid) 
dissolved. It is neglected to the room temperature after the EHPE3150 dissolution, When 
temperature fell to near a room temperature, it was considered as the resin composition which 
mixes and stirs the mixed hardening agent 19.38g in which it mixed well and one DAMIN HM 
(structural formula (4))15.29g and 1 and 3-BAC(structural formula (5))5.09g were beforehand 
dissolved as a hardening agent, and is used for neutron shielding materials. As a result of 
measuring the hydrogen content in a resin composition, the hydrogen content exceeded and 
was satisfied with 9.8 % of the weight or more (about 10 % of the weight or more) of the 
reference value. As a result of stiffening the above-mentioned resin composition for neutron 
shielding materials by 80 **x30min+150 **x2hr and measuring thermo gravity reduction on the 
other hand, the temperature of 99.5 % of the weight or more of weight survival rates in 200 ** 
and 90 % of the weight of weight survival rates showed about 400 **, very good heat 
resistance, and thermal stability. 

[0041][Example 6] They are 43.42 g of hydrogenation bisphenol A type epoxy resins (YL6663 
(structural formula (1))), and a bisphenol A type epoxy resin (Epicoat 828 (among a structural 
formula (6))) as an epoxy resin. R g - R 12 were methyl groups, n=0-213.28g and 24.30 g of 

polyfunctional alicycle type epoxy resins (EHPE3150 (structural formula (2))) were mixed, and 
it stirred well until it held at 1 10 ** and EHPE3150 (solid) dissolved. It is neglected to the room 
temperature after the EHPE3150 dissolution, When temperature fell to near a room 
temperature, it was considered as the resin composition which mixes and stirs the mixed 
hardening agent 19.00g in which it mixed well and one DAMIN HM(structural formula (4))11.4g 
and 1 and 3-BAC(structural formula (5))7.6g were beforehand dissolved as a hardening agent, 
and is used for neutron shielding materials. As a result of measuring the hydrogen content in a 
resin composition, the hydrogen content was satisfied with about 9.8 % of the weight of the 
reference value. As a result of stiffening the above-mentioned resin composition for neutron 
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shielding materials by 80 **x30min+150 **x2hr and measuring thermo gravity reduction on the 
other hand, the temperature of 99.5 % of the weight or more of weight survival rates in 200 ** 
and 90 % of the weight of weight survival rates showed not less than 400 **, very good heat 
resistance, and thermal stability. 

[0042][Example 7] As an epoxy resin, to 80.83 g of hydrogenation bisphenol A type epoxy 
resins (YL6663 (structural formula (1))). It was considered as the resin composition which 
mixes and stirs the mixed hardening agent 19.17g in which it mixed well and one DAMIN HM 
(structural formula (4))14.38g and 1 and 3-BAC(structural formula (5))4.79g were beforehand 
dissolved as a hardening agent, and is used for neutron shielding materials. As a result of 
measuring the hydrogen content in a resin composition, the hydrogen content far exceeded the 
reference value and was satisfied with 10.6 % of the weight or more of the reference value. As 
a result of stiffening the above-mentioned resin composition for neutron shielding materials by 
80 **x30min+150 **x2hr and measuring thermo gravity reduction on the other hand, the 
temperature of about 99.5 % of the weight of weight survival rates in 200 ** and 90 % of the 
weight of weight survival rates showed about 330 **, good heat resistance, and thermal 
stability. 

[0043][Example 8] As an epoxy resin, to 69.93 g of hydrogenation bisphenol A type epoxy 
resins (YL6663 (structural formula (1))), and 10.07 g of alicycle type epoxy resins (SEROKI 
side 2021 P (structural formula (3))). It was considered as the resin composition which mixes 
and stirs the mixed hardening agent 20.00g in which it mixed well and one DAMIN HM 
(structural formula (4))15.00g and 1 and 3-BAC(structural formula (5))5.00g were beforehand 
dissolved as a hardening agent, and is used for neutron shielding materials. As a result of 
measuring the hydrogen content in a resin composition, the hydrogen content far exceeded the 
reference value and was satisfied with about 10.5 % of the weight of the reference value. As a 
result of stiffening the above-mentioned resin composition for neutron shielding materials by 80 
**x30min+150 **x2hr and measuring thermo gravity reduction on the other hand, the 
temperature of 99.5 % of the weight or more of weight survival rates in 200 ** and 90 % of the 
weight of weight survival rates showed about 340 **, good heat resistance, and thermal 
stability. 

[0044][Example 9] They are 49.48 g of hydrogenation bisphenol A type epoxy resins (YL6663 
(structural formula (1))), and a bisphenol A type epoxy resin (Epicoat 828 (among a structural 
formula (6))) as an epoxy resin. R g - R 12 are methyl groups and to n=0-230.32g. It was 

considered as the resin composition which mixes and stirs the mixed hardening agent 20.20g 
in which it mixed well and one DAMIN HM(structural formula (4))15.15g and 1 and 3-BAC 
(structural formula (5))5.05g were beforehand dissolved as a hardening agent, and is used for 
neutron shielding materials. As a result of measuring the hydrogen content in a resin 
composition, the hydrogen content was satisfied with about 9.8 % of the weight of the 
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reference value. As a result of stiffening the above-mentioned resin composition for neutron 
shielding materials by 80 **x30min+150 **x2hr and measuring thermo gravity reduction on the 
other hand, the temperature of 99.5 % of the weight or more of weight survival rates in 200 ** 
and 90 % of the weight of weight survival rates showed about 360 **, good heat resistance, 
and thermal stability. 

[0045] [Exam pie 10] They are 55.02 g of hydrogenation bisphenol A type epoxy resins (YL6663 
(structural formula (1))), and a bisphenol A type epoxy resin (Epicoat 828 (among a structural 
formula (6))) as an epoxy resin. R - R are methyl groups and it was considered as the resin 

composition which mixes and stirs 1 and 3- BAC( structural formula (5))16.00g as a hardening 
agent, and is used for n=0-228.98g for neutron shielding materials. As a result of measuring 
the hydrogen content in a resin composition, the hydrogen content was satisfied with about 9.8 
% of the weight of the reference value. As a result of stiffening the above-mentioned resin 
composition for neutron shielding materials by 80 **x30min+150 **x2hr and measuring thermo 
gravity reduction on the other hand, the temperature of 99.5 % of the weight or more of weight 
survival rates in 200 ** and 90 % of the weight of weight survival rates showed about 340 **, 
good heat resistance, and thermal stability. 

[0046][Example 11] 55.44 g of hydrogenation bisphenol A type epoxy resins (YL6663 
(structural formula (1))) and 25.00 g of polyfunctional alicycle type epoxy resins (EHPE3150 
(structural formula (2))) are mixed as an epoxy resin, It stirred well until it held at 1 10 ** and 
EHPE3150 (solid) dissolved. It is neglected to the room temperature after the EHPE3150 
dissolution, If temperature falls to near a room temperature, one DAMIN HM(structural formula 
(4))14.5g, 1 and 3-BAC(structural formula (5))4.85g, and the imidazole compound (structural 
formula (8)) 0.2 will be beforehand mixed well as a hardening agent. It was considered as the 
resin composition which mixes and stirs the mixed hardening agent 19.55g in which it was 
made to dissolve, and is used for neutron shielding materials. As a result of measuring the 
hydrogen content in a resin composition, the hydrogen content exceeded and was satisfied 
with 9.8 % of the weight or more (about 10 % of the weight or more) of the reference value. As 
a result of stiffening the above-mentioned resin composition for neutron shielding materials by 
80 **x30min+150 **x2hr and measuring thermo gravity reduction on the other hand, the 
temperature of 99.5 % of the weight or more of weight survival rates in 200 ** and 90 % of the 
weight of weight survival rates showed not less than 390 **, very good heat resistance, and 
thermal stability. 

[0047][Example 12] Here, the constituent which added the neutron absorption agent and the 
fire refractory material further was prepared. They are 43.42 g of hydrogenation bisphenol A 
type epoxy resins (YL6663 (structural formula (1))), and a bisphenol A type epoxy resin 
(Epicoat 828 (among a structural formula (6))) as an epoxy resin. R g - R 12 were methyl groups, 

n=0-213.28g and 24.30 g of polyfunctional alicycle type epoxy resins (EHPE3150 (structural 
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formula (2))) were mixed, and it stirred well until it held at 1 10 ** and solid EHPE3150 
dissolved. It was neglected to the room temperature after the EHPE3150 dissolution, and 
when temperature fell to near a room temperature, the mixed hardening agent 19.00g in which 
it mixed well and one DAMIN HM(structural formula (4))1 1.4g and 1 and 3-BAC(structural 
formula (5))7.6g were beforehand dissolved as a hardening agent was mixed and stirred. 
146.5 g and 3.5 g of boron carbide were mixed and stirred, and magnesium hydroxide was 
used as the constituent for neutron shielding materials at this.As a rule of thumb of the 

hydrogen content for which a neutron shielding material is asked, although hydrogen content 

3 

density was more than 0.096 g/cm , as a result of measuring the hydrogen content density of 
the prepared neutron shielding material constituent, the reference value was satisfied above 

3 

0.096 g/cm . As a result of stiffening the above-mentioned resin composition for neutron 
shielding materials by 80 **x30min+150 **x2hr and measuring thermo gravity reduction on the 
other hand, the temperature of 99.5 % of the weight or more of weight survival rates in 200 ** 
and 90 % of the weight of weight survival rates showed not less than 400 **, very good heat 
resistance, and thermal stability. The heat-resistant durability test of 190 **x1000hr was done 
after sealing the above-mentioned hardened material hermetically in a well-closed container. 
After the heat-resistant durability test, compressive strength rose 1.1 times compared with 
examination before, 123MPa and the rate of weight loss rose from the value from about 
0.05%, glass transition temperature (peak of tandelta of a viscoelasticity determination result) 
rose from the value of 130 ** before an examination, and it was about 175 **. Chemical 
structure is before and after a blank test as a result of infrared spectroscopic analysis, and it 
checked hardly changing. An infrared spectroscopy spectrum is shown in drawing 1. It 
checked having very good heat-resistant endurance from the above result. 
[0048][Comparative example 1] It is a bisphenol A type epoxy resin (Epicoat 828 (among a 
structural formula (6))) as an epoxy resin. R g - R 12 are methyl groups and it was considered as 

the resin composition which mixes and stirs the hardening agent of n= 0-2 and a polyamine 
system at a rate of 1:1 (it becomes an equivalent amount stoichiometrically), and is used for 
neutron shielding materials.As a result of measuring the hydrogen content in a resin 
composition, the hydrogen content was satisfied with 9.8 % of the weight or more of the 
reference value. As a result of stiffening the above-mentioned resin composition for neutron 
shielding materials by 80 **x30min+150 **x2hr and measuring thermo gravity reduction on the 
other hand, the temperature of 99 or less % of the weight of weight survival rates in 200 ** and 
90 % of the weight of weight survival rates is 300 ** or less, and heat resistance and thermal 
stability were inferior as compared with a group of an example. Although this presentation 
system imitated the same system as the resin composition for neutron shielding materials used 
now, and the comparative example 1 has fitness from a point of a hydrogen content, as 
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compared with a group of an example, it is a low value, and a group of an example is known 
by heat resistance and excelling in thermal stability at heat resistance and a thermal stability 
target. 

[0049][Comparative example 2] As an epoxy resin, 81.4 g of bisphenol A type epoxy resins 
(Epicoat 828 (R g - R 12 are methyl groups among a structural formula (6), and it is n= 0-2)), It 

was considered as the resin composition which stirs 18.6 g of isophoronediamine well as a 
hardening agent, and is used for neutron shielding materials. As a result of measuring the 
hydrogen content in a resin composition, the hydrogen content was much less than the 
reference value at 8.2 or less % of the weight, and became in transit. As a result of stiffening 
the above-mentioned resin composition for neutron shielding materials by 80 **x30min+150 
**x2hr and measuring thermo gravity reduction on the other hand, about 350 **, heat 
resistance, and thermal stability had a good temperature of about 99.5 % of the weight of 
weight survival rates in 200 **, and 90 % of the weight of weight survival rates. Although this 
presentation system was good on heat resistance and a thermal stability target, it was 
unsuitable as a resin composition for neutron shielding materials from a point of a hydrogen 
content as compared with a group of an example. 

[0050][Comparative example 3] It was considered as the resin composition which mixes and 
stirs a hydrogenation bisphenol A type epoxy resin (YL6663 (structural formula (1))) and the 
hardening agent of a polyamine system at a rate of 1:1 (it becomes an equivalent amount 
stoichiometrically) as an epoxy resin, and is used for neutron shielding materials. Unlike the 
hardening agent used in the constituent of this invention, the hardening agent of a polyamine 
system does not have a heat-resistant upright high structure, and has become a thing as a 
ratio also with the big loadings. As a result of measuring the hydrogen content in a resin 
composition, the hydrogen content exceeded and was satisfied with 9.8 % of the weight or 
more (about 10 % of the weight or more) of the reference value. As a result of stiffening the 
above-mentioned resin composition for neutron shielding materials by 80 **x30min+150 **x2hr 
and measuring thermo gravity reduction on the other hand, the temperature of 99.0 or less % 
of the weight of weight survival rates in 200 ** and 90 % of the weight of weight survival rates 
is 280 ** or less, and heat resistance and thermal stability were inferior as compared with a 
group of an example. 

[0051][Comparative example 4] 81.7 g of epoxy resins (epoxy equivalent weight 190) with the 
structure which replaced OH of the both ends of a polypropylene glycol by glycidyl ether as an 
epoxy resin, respectively, It was considered as the resin composition which stirs 18.3 g of 
isophoronediamine well as a hardening agent, and is used for neutron shielding materials. 
Unlike the epoxy ingredient of this invention, the epoxy resin used here does not have an 
upright structure. As a result of measuring the hydrogen content in a resin composition, the 
hydrogen content was satisfied with 9.8 % of the weight or more of the reference value. On the 
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other hand, the above-mentioned resin composition for neutron shielding materials is stiffened 
by 80 **x30min+150 **x2hr, As a result of measuring thermo gravity reduction, the temperature 
of 99.5 or less % of the weight of weight survival rates in 200 ** and 90 % of the weight of 
weight survival rates is less than about 250 **, and heat resistance and thermal stability were 
extremely inferior as compared with a group of an example. 

[0052][Comparative example 5] It was considered as 1, 78.5 g of 6 hexane diglycidyl ether 
(epoxy equivalent weight 155), and the resin composition that stirs 21.5 g of 
isophoronediamine well as hardening agents, and is used for neutron shielding materials as an 
epoxy resin. As a result of measuring the hydrogen content in a resin composition, the 
hydrogen content was satisfied with 9.8 % of the weight or more of the reference value. As a 
result of stiffening the above-mentioned resin composition for neutron shielding materials by 80 
**x30min+150 **x2hr and measuring thermo gravity reduction on the other hand, the 
temperature of 99.5 or less % of the weight of weight survival rates in 200 ** and 90 % of the 
weight of weight survival rates is less than 300 **, and heat resistance and thermal stability 
were inferior as compared with a group of an example. 

[0053][Comparative example 6] Here, the neutron shielding effect was evaluated about the 
constituent which added the fire refractory material and the neutron absorption agent further to 
the constituent which consists of an epoxy ingredient and a hardening agent of a polyamine 
system. It is a bisphenol A type epoxy resin (Epicoat 828 (among a structural formula (6))) as 
an epoxy resin. It was a methyl group, and R g - R 12 mixed and stirred 146.5 g and 3.5 g of 

boron carbide, and used magnesium hydroxide as the constituent for neutron shielding 
materials what mixed and stirred the hardening agent 50g (ratio which becomes an equivalent 
amount stoichiometrically) of n=0-250g and a polyamine system.As a rule of thumb of the 
hydrogen content for which a neutron shielding material is asked, although hydrogen content 

3 

density was more than 0.096 g/cm , as a result of measuring the hydrogen content density of 
the prepared neutron shielding material constituent, the reference value was satisfied above 

3 

0.096 g/cm . As a result of stiffening the above-mentioned resin composition for neutron 
shielding materials by 80 **x30min+150 **x2hr and measuring thermo gravity reduction on the 
other hand, the temperature of 99 or less % of the weight of weight survival rates in 200 ** and 
90 % of the weight of weight survival rates is 300 ** or less, and heat resistance and thermal 
stability were inferior as compared with a group of an example. The heat-resistant durability 
test of 190 **x1000hr was done after sealing the above-mentioned hardened material 
hermetically in a well-closed container. Compressive strength fell 30 percent or more 
compared with examination before, and the endurance under hot environments became low. 
This presentation system imitates the same system as the constituent for neutron shielding 
materials used now. Although the comparative example 6 has fitness from a point of a 
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hydrogen content, about heat resistance and a thermal stability target, as compared with 
Example 1 2, it is a low value, and, as for the constituent of Example 1 2, it turns out heat 
resistance and that it excels in thermal stability. 
[0054] 

[Effect of the lnvention]Since the heat-resistant epoxy ingredient and hardening agent which 
improved are used for the charge of neutron cover material of this invention, its heat resistance 
is good and it can be equal also to the storage over the long period of time of spent reactor 
fuel. Neutron shield capability is also secured. 



[Translation done.] 
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